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One of solutions of this problem can be using the distribution of random variables 
describing the time of device’s proper operation time. 

 

 

2. Theoretical distributions of random variables as reliability models of technical 
objects  

 

The description of reliability properties is possible using theoretical distributions of 
random variables. In such cases the object is considered as a system of known structure. The 
proper operation time of particular sub-systems is described by random variables with 
density distribution depending on dominant, physical character of the damages.  

Amongst many models of this type, two special are gamma and normal (Gaussian) 
distributions. 

 gamma distribution 

Density function of a random variable is denoted by [2]: 

f(t) = bt)(t
Γ(g)

b g
g

 exp1     (1) 

where: 
b – scale parameter,  
g – shape parameter 
  

Gamma distribution is useful in description of the proper operation time of devices when 
[1], [2]: 

 objects in the inital moment (t0 = 0) are homogeneous, which means the differences 
between crucial, selected parameters are irrelevant; 

 mean wear velocity is constant; 
 wear velocity is subject only to random fluctuations. 

 
The property of this model is that it concerns the damages caused by accumulating 

damaging stimuluses (as a result of wear), assuming linearity of wear process. As an 
example of such wear model and the resulting damages may serve surface wear, such as 
abrasive wear, i.e. rolling and plain bearings, gears and volume wear involving rupturing of 
pieces as a result of accumulating strains and e.t.c. 

- normal distribution (Gaussian) 
Density function of a random variable is denoted by [2]: 

f(t) = 






 


 2

2

2

1
exp

2

1

σ

)(t

πσ


    (2) 

where: 
 – expected value,  
 – standard deviation. 
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Gaussian distribution is useful in description of the proper operation time of devices 
when similar to gamma distribution conditions are met. The fact that random variable of 
normal distribution can take negative values (while the proper operation time – only positive 
values) can be a limitation. However, if the random factor: 

3

1



σ

 ,     (3) 

the probability of the random variable T taking negative values is negligibly small, which 
allows using this distribution [2], [8]. 
If the condition (3) is not met a normal distribution N(, ) of random variable T cut in point 
t=0 having density function [2] is to be used: 

f(t) = 











 2

2

2
exp

2 σ

)(t

πσ

c 
    (4) 

where: 

c = 









σ
Φ1

1


 

It is important that the normal distribution cab be applied to describe reliability instead of the 
gamma distribution, assuming that shape parameters of this distribution are large enough (g > 
12) [2] 
 

3. Applying the normal distribution to determine diagnostic tests frequency 
Because of universality and commonness of the normal distribution it can be used to 
determine diagnostic tests frequency, under certain conditions. The conditions are: 

1. Based on 3  rule it can be concluded with the probability of  99,73% that the 
proper operation time of the device will be included in [ - 3,   + 3] interval. 

2. By designating  - 3 = tmin and  + 3 = tmax with the probability of  99,73% it can 
be concluded that the proper operation time of the device will be included in [tmin,  
tmax] interval. 

3. From practical point of view the probability of 99,73% can be taken as a 
probability of a certain event. 

4. The probability of the proper operation time of the device in [tmin,  tmax] interval 
can be denoted (assuming condition 4) by P(t = tzd) = 1- F(tzd), where F(tzd) is 
cumulative distribution of N(, ). 

5. A  estimation can be taken as: 
a. The arithmetic average ̂ݐś௥	of the empirical reliability test results, if 

available. 
b. If such results are unavailable, the period of time between repairs of 

designated construction node of the device can be determined based on 
technical manual of the device. 

6. A  estimation can be taken as: 
a. The standard deviation ߪො	of the empirical reliability test results, if 

available. 
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